Objective: The purpose of this study was to evaluate the prognostic significance of tumor volume assessed by pretreatment MRI in stage IIB cervical cancer patients with concurrent chemoradiation therapy. Methods: A retrospective chart review was performed on seventy five patients with cervical cancer who were treated with concurrent weekly cisplatin (40 mg/m 2 ) and radiotherapy between January 2000 and April 2007. Potential prognostic factors were age, chemotherapy numbers, histology, tumor diameter and volume, lymph node (LN) involvement and pretreatment squamous cell carcinoma antigen (SCC-Ag) levels. Results: The median follow-up time was 55 months (range, 8 to 104 months). The median tumor size and volume (range) were 4.5 cm (2 to 10) and 33.1 mL (4.2 to 392.7), respectively. Pelvic LN enlargement rate was 58.7%. Para-aortic LN enlargement rate was 14.7%. Using multivariate analysis, a tumor volume (＞33 mL, p=0.025), pelvic LN enlargement (p=0.044) revealed a significantly unfavorable outcome on overall survival. PFS was influenced by tumor histology (p＜0.001), pelvic LN enlargement (p=0.015) and pretreatment SCC-Ag levels (p=0.018). We found that 22 (29.3%) patients had recurrences and 14 (18.7%) patients died of disease. The 5-year overall survival rate was 80.6% (standard error, 4.9%) and 5-year PFS rate was 71.3% (standard error, 5.3%). Conclusion: Tumor volume and pelvic LN involvement showed possibility to predict overall survival in patient with stage ⅡB cervical cancer. Optimal tumor volume and pelvic LN assessment by pretreatment MRI might be helpful to predict treatment outcome.
INTRODUCTION
Cervical cancer is the only gynecological cancer staged clinically according to the International Federation of Gynecology and Obstetrics (FIGO) classification system. However, clinical staging has limitations in evaluation of several parameters including parametrial invasion, lymph node (LN) metastasis, pelvic wall invasion. 1 Clinical evaluation of tumor size in cervical cancer remains inaccurate when compared with surgical staging. Additionally the FIGO clinical staging system has limited accuracy with staging errors increasing for more advanced disease. Since National Cancer Institute (NCI) issued clinical announcement that noted the improved survival with concurrent chemoradiation therapy (CCRT) compared to radiation alone among women with locally advanced cervical cancer in 1999, cisplatin-based combined chemotherarpy during external beam irradiation has been a standard treatment. 2 It is known that increasing tumor size and volume affect overall survival and tumor recurrence. 3, 4 Pretreatment squamous cell carcinoma antigen (SCC-Ag) levels correlated with extent of disease, the response to treatment, and can be used to predict the tumor recurrence. 5, 6 In operable patients, accurate evaluations of tumor size, extension to surrounding tissue or LN metastasis are possible by pathologic report. However, prognostic factors assessment in inoperable patients who are planned for CCRT, should be evaluated by clinical examination and imaging studies. Among imaging study modalities, magnetic resonance imaging (MRI) has been widely used to evaluate the size and volume of primary tumor, parametrial invasion and LN enlargement. Although computed tomography (CT) and MRI have a comparable accuracy in staging, MRI is regarded as the most reliable tool for the treatment planning of cervical cancer due to superior soft tissue contrast and multiplanar capability. 7, 8 
MATERIALS AND METHODS

Patient population
A retrospective chart review of patient with stage IIB cervical cancer who received an MRI scan before curative aimed CCRT was performed. Between January 2000 and April 2007, seventy five patients were treated with CCRT at the Yonsei University College of Medicine were diagnosed between. The cut-off date for follow-up was June 2008.
The staging was based on FIGO classification system. The procedure for clinical staging included a medical history, physical examination, routine laboratory tests, chest radiography, intravenous pyelography, cystoscopy, sigmoidoscopy and MRI scan. LN diameter greater than 1 cm in minimum diameter were considered positive node. SCC-Ag levels were measured before the start of CCRT and 1 month after completing treatment. Potential prognostic factors were age, numbers of chemotherapy cycle, tumor histology, tumor diameter and volume, LN involvement and pretreatment SCC-Ag levels.
Treatment policy
Radiotherapy was delivered with a combination of external irradiation and high-dose rate intracavitary radiation by a remote afterloading system using iridium 192 sources (GammaMed II). External whole-pelvis irradiation was performed with a dose of 1.8 Gy per fraction 5 times per week to a midline dose of 27.0 to 36.0 Gy. This was followed by high-dose rate intracavitary radiation with 6 insertions (twice per week) with a fractional dose of 5.0 Gy to a total dose of 30.0 Gy at point A. After high-dose rate intracavitary radiation, patients received a second course of external irradiation with central shielding up to a total external dose of 45.0 to 50.4 Gy. In case of para-aortic LN enlargement on MRI, extended-field radiation was administered. During radiotherapy, cisplatin was given intravenously once a week at a dose of 40 mg/m 2 of body surface area (BSA) with the total dose not exceeding 70 mg per week.
MRI imaging and tumor volume measurement
MRI was performed using a 1. , section thickness; 4 mm, intersection gap; 2 mm, field of view; 37 cm, matrix; 336×307) were obtained. A gadolinium chelate (Dotarem; Guerbet, Aulnaysous-Bois, France) was administered intravenously at a dose of 0.2 mL per kilogram of body weight by hand injection. When contrast agent was seen at the pelvic aorta on the bolus tracking scan, 6 sequential sets of images were scanned during non-breath hold with a time interval of 20 seconds with parameters identical to the precontrast images. Contrast enhanced T1-weighted axial images (THRIVE: TR/TE=4.5/2.2 ms; NEX; 1, echo-train length; 60, flip angle; 15 o , section thickness; 4 mm, intersection gap; 2 mm, field of view; 40 cm, matrix; 320×224) were obtained. The diameter-based calculation was computed by measuring the largest tumor diameter in each orthogonal plane on MRI scan. The longitudinal diameter (d1) along the long axis of the endometrial cavity on the sagittal images and the anteroposterior diameter (d2, orthogonal to the longitudinal diameter) were measured on the sagittal images. The largest lateral diameter (d3) was measured on the axial images. Diameter-based measurements were computed as an ellipsoid (V=d1×d2×d3 ×π/6) to calculate diameter-based volume (V).
Statistical analysis
Overall survival (OS) was assessed from the date of CCRT to death from any cause or the date of last contact. Progression free survival (PFS) was measured from the treatment start to either progression/relapse or to the date of last contact for patients who are alive and progression free. Survival curves were measured by the Kaplan-Meier method. Differences in survival were compared using the log-rank statistical test. Prognostic factor analyses for OS and PFS were performed using Cox regression method. Hazard ratio is given with 95% confidence intervals (95% CI). SPSS 12.0 (SPSS Inc., Chicago, IL, USA) was used for the statistical analysis. A p-value ＜0.05 was considered to be statistically significant.
RESULTS
Patient characteristics
Seventy five patients were reviewed for this study. The patients and tumor-associated characteristics are summarized in Table 1 . Fifty four patients (72.0%) received 6 cycles chemotherapy, but nine patients (12.0%) did not complete planned chemotherapy. Forty four patients (58.7%) showed pelvic LN enlargement on MRI scan. Eleven patients (14.7%) exhibited both pelvic and para-aortic LN enlargement. The me- dian tumor diameter and volume were 4.5 cm (range, 2 to 10 cm) and 33.1 mL (range, 4.2 to 392.7 mL), respectively.
Progression free survival
Twenty two patients (29.3%) had recurred. Eight patients had developed distant metastasis and 7 patients developed both local and distant metastasis ( Table 2 ). The 5-year PFS rate was 71.3% (standard error, 5.3%). In univariate analysis, tumor histology, tumor volume, pretreatment SCC-Ag levels and pelvic LN involvement were statistically significant prognostic factor on PFS. By multivariate analysis of PFS according to these factors, tumor histology (squamous cell carcinoma), SCC-Ag levels (≥4.5 ng/mL) and pelvic LN involvement showed statistically significant factors on PFS (Table 3) .
Overall survival
Among seventy five patients, 14 (18.7%) have died. The 5-year OS rate was 80.6% (standard error, 4.9%). Estimated (Kaplan-Meier) five-year survival rate according to patient subgroups were summarized in Table 4 . The 5-year survival rate of patients with tumor volume of ＜33 mL was 94.0% compared with 49.3% in patients with tumor volume of ≥33 mL. In univariate analysis, large tumor diameter and volume, pelvic LN involvement and elevated pretreatment SCC-Ag levels were statistically significant relation to worse survival (Table 5 ). There was no significant relation between patient age, tumor histology or para-aortic LN involvement and OS. Using multivariate analysis, tumor volume of ＞33 mL (p=0.025) and positive pelvic LN involvement (p=0.044) revealed a significantly unfavorable outcome on overall survival. The hazard ratio for tumor volume of ≥ 33 mL was 8.31 (95% CI, 1.30 to 54.15) and for positive pelvic LN involvement was 9.80 (95% CI, 1.07 to 90.09). Overall survival curves for tumor volume and pelvic LN involvement were shown in Fig. 1 .
DISCUSSION
Tumor size and tumor infiltration into surrounding normal tissue can be accurately estimated in surgically treated patients. However it is usually not available in patients treated with CCRT. Previous studies have shown that MRI indicates the closest correlation to actual tumor volume that is currently performable in the clinical setting. 10 In the evaluation of cervical cancer mass, MRI has several benefits with comparison to CT. The soft tissue contrast and multiplanar capability of MRI provides clear delineation of tumor. Tumor location including local invasion and diameter in T2 weighted MRI correlated well with that in surgical specimen. 11, 12 Therefore, more accurate tumor size measurement and assessment of invasion to surrounding normal tissue, the depth of stromal invasion and LN evaluation has been possible. In this study, we evaluated the relationship of prognostic factors (tumor diameter, volume, LN involvement, age, histology and pretreatment SCC-Ag) to treatment outcome in 75 stage IIB cervical cancer patients treated with CCRT. Our results indicated that the tumor volume and pelvic LN involvement were significantly associated with OS. However, the data showed that tumor diameter, pretreatment SCC-Ag levels and para-aortic LN involvement had a poor relationship with OS. Burghardt et al. 4 reported that OS was more closely re-lated to tumor volume than to clinical or pathologic stage in early cervical cancer patients treated by radical hysterectomy and lymphadenectomy. In their series, 5-year survival rates of 91% for patients with tumor volume less than 2.5 mL, 79% for patients with tumor volume 2.5 to 10 mL, 70% for those with tumor volume 10 to 50 mL, and 48% for those with tumor volume more than 50 mL. In advanced FIGO stage I and II tumors treated with radical radiotherapy, the treatment outcome was dependent on clinically determined tumor size rather than stage. 9 Our results revealed that the tumor diameter of ≥4.5
cm correlated with worse OS by univariate analysis, but there was no correlation with OS by multivariate analysis. In general, tumor mass of stage IIB cervical cancer is larger than early cervical cancer. We suppose that tumor volume is the appropriate parameter to predict treatment outcome than tumor diameter in large tumor mass. FIGO criteria currently used to stage cervical cancer do not account for LN involvement, but the LN metastasis is major factor to determining prognosis and proper treatment. Increasing tumor size and increasing depth of stromal invasion correlated most strongly with LN metastasis and a shorter disease-free survival in previous studies of patients with FIGO stage 1B. 3, 13 The accuracy and sensitivity rates with MRI for detecting LN metastasis from cervical cancer are between 76 to 100% and 36 to 71%, respectively. 14,15 However, the limitation of MRI is that it is not possible to differentiate metastatic LN from non-metastatic LN hyperplasia of similar size and shape. In our study, pelvic LN involvement correlated significantly with OS and PFS by multivariate analysis. Para-aortic LNs does not correlate with treatment outcome. The incidence of pelvic LN metastasis in stage II cervical cancer undergoing radical hysterectomy was approximately 35 to 45.8%. Our data revealed that pelvic LN metastasis and para-aortic LN metastasis were 58.7% and 14.7%, respectively. Also, patients with positive pelvic LNs have a 5-year survival rate of 69.5% whereas patients with positive para-aortic LNs were higher than patients with positive pelvic LNs. Para-aortic metastases were found in 4.5 to 7.2% of patients in this stage. [16] [17] [18] Higher 5-year survival rates of ＞90% are reported among patients treated surgically with no evidence of LN metastasis, compared to patients with positive pelvic node (50 to 60%, 5-year survival) or para-aortic nodes (20 to 30%, 5-year survival). 19 Although it is accepted commonly that patients with para-aortic LN metastases have lower OS and higher recurrence, the incidence of pelvic or para-aortic LN involvement and 5-year survival rates were relatively higher than previous studies. We can assume that a portion of LN involvement on MRI might be actually LN hyperplasia. In addition, actual parametrial involvement was pathologically confirmed in approximately 21 to 55% in the clinical stage IIB cervical cancer. 16, 20, 21 This suggests that almost one half of the patients are overstaged due to difficulty in distinguishing parametrial extension from inflammatory change, endometriosis, adhesion, and irregular shape of large cervical tumor. 20, 21 The 5-year survival rate of stage stage IIB cervical cancer patients with radical hysterectomy ranged between 55 to 77%. 22 In comparison with our 5-year survival rates, a part of our patients might be overstaged. Exact evaluations of LN status in the staging of cervical cancer are essential to direct treatment and reduce morbidity. More recently, positron emission tomography is more sensitive than MRI or CT for detecting LN metastases in patients with cervical cancer. 23, 24 Therefore, other diagnostic modalities such as positron emission tomography or sentinel node biopsy may have a potential role for the exact assessment of LN metastases. For imaging-based tumor size assessment, simple diameter measurement of three orthogonal diameters or three-dimensional (3D) volumetry with region-of-interest (ROI) quantitative image analysis are commonly used. The measurement of orthogonal tumor diameters is the simplest, fastest, and most practical methods extensively used in the radiology department. Simple diameter-based tumor measurement appears to be equivalent to contour tracing/ROI analysis 3D tumor volumetry for tumor size assessment for predicting outcome. 25, 26 Diameter-based measurement can be easily computed as an ellipsoid-shaped tumor volume, but does not consider irregularities in tumor border and shape, which can be accounted for by 3D ROI volumetry. Thus it may be less accurate because cervical cancers have irregular contour that deviate from the idealized ellipsoid volume. Tumor histology (adenocarcinoma) and pretreatment SCC-Ag levels of ≥4.5 ng/mL revealed poor prognosis in PFS, but no correlation with OS. Generally, adenocarcinoma has a poor prognosis and relatively resistant response to radiation therapy. 27 SCC-Ag levels correlate with the extent of the disease, the response to treatment, survival and recurrence. 28 There were only 9 patients with adenocarcinoma histology in our study. The results may not have been large enough to be able to make a clear declaration. Thus, we suggest that a prospective study involving a large cohort of patients will be required to confirm this possibility. We conclude that in patient with stage IIB cervical cancer, tumor volume and pelvic LN involvement provided possibility to predict OS. Therefore, optimal tumor volume and pelvic LN assessment by pretreatment MRI might be helpful to predict treatment outcome.
